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(54) GALLIUM NITRIDE -BASED COMPOUND SEMICONDUCTOR LIGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a gallium nitride-based compound 
semiconductor light emitting element that can be manufactured without 
compromising the crystallinity of a p-type layer or an n-type layer. 
SOLUTION: This gallium nitride-based compound semiconductor light 
emitting element is manufactured by dividing a wafer provided with a gallium 
nitride-based compound semiconductor constituted by successively 
laminating the n-type layer and p-type layer on a sapphire substrate, and 



etching the p-type layer so that the electrode forming surface of the n-type 
layer may be exposed by forming dividing grooves on the surface of the 
wafer. The light emitting element has dividing groove forming surfaces which 
are positioned lower than the electrode forming surface and provided for 
forming the dividing grooves and the thickness of the sapphire substrate is 
set at <200 U m. 
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CLAIMS 
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[Claim(s)] 

[Claim 1] The wafer equipped with the gallium nitride system compound semiconductor etched so that the laminating of n 
type layer and the p type layer might be carried out to order and the electrode forming face of n type layer might be 
exposed on silicon on sapphire In the gallium nitride system compound semiconductor light emitting device produced by 
forming and dividing a rate slot The gallium nitride system compound semiconductor light emitting device which divides, and 
has a slot forming face and is characterized by the thing which was established as a field which is located below said 
electrode forming face and forms said rate slot, and whose thickness of said silicon on sapphire is 200 micrometers or less. 
[Claim 2] Said rate slot forming face is the gallium nitride system compound semiconductor light emitting device according 
to claim 1 formed of etching. 

[Claim 3] The gallium nitride system compound semiconductor light emitting device according to claim 1 or 2 produced by 
dividing said wafer using a scriber. 

[Claim 4] The gallium nitride system compound semiconductor light emitting device of any one publication among claims 1-3 
characterized by the thickness of said silicon on sapphire being 50 micrometers or more. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the gallium nitride system compound semiconductor chip used for 
luminescence devices, such as blue, green or a red light emitting diode, and a laser diode, and the gallium nitride system 
compound semiconductor (it is hereafter indicated as a nitride semi-conductor.) especially expressed with general formula 
InXAIYGa1-X-YN (0<=X<1, 0<=Y<1) on silicon on sapphire is related with the gallium nitride system compound 
semiconductor light emitting device by which the laminating was carried out. 
[0002] 

[Description of the Prior Art] Generally the dicer or the scriber is used for the equipment cut down for the chip for 
luminescence devices from the wafer with which the laminating of the semiconductor material was carried out on the 
substrate. After a dicer carries out direct full cutting of the wafer or cuts the slot of width larger than edge-of-a-blade 
width deeply in rotation of the blade which is generally also called a dicing saw and uses the edge of a blade as a diamond 
(half cutting), it is equipment which breaks a wafer according to external force, a both-way rectilinear motion of the needle 
which uses a tip as a diamond as well as a scriber on the other hand — a scribe line (marking line) very thin to a wafer — 
for example, after lengthening in a grid pattern, it is equipment which breaks a wafer according to external force. 
[0003] In case a semiconductor wafer is conventionally cut in the shape of a chip using these equipments, since there is 
cleavage in the "11 0" directions, the crystal of zinc structure which does not carry GaP, GaAs, etc. can be easily 
separated in the shape of a chip by putting in a scribe line in this direction with a scriber, using this property. However, 
since the laminating of the nitride semi-conductor was carried out on silicon on sapphire, it was difficult for the wafer not 
to have the property top cleavage of a sapphire crystal called hexagonal system, but to cut with a scriber. since a gallium 
nitride system compound semiconductor wafer is said so-called hetero epitaxial structure which carried out the laminating 
of the gallium nitride system compound semiconductor on sapphire as carried out on the other hand when cutting by the 
dicer — lattice constant irregular ** — it was large, and since coefficient of thermal expansion also differed, when external 
force was added, there was a problem that a gallium nitride system compound semiconductor tends to separate from silicon 
on sapphire. Furthermore, since Mohs hardness was about 9 and the very hard matter, it becomes easy to generate a crack 
and a chipping in a cutting plane, and both sapphire and a gallium nitride system compound semiconductor were not able to 
be cut correctly. 

[0004] Moreover, as mentioned above, etching is usually performed to the same side side of a nitride semi-conductor layer, 
and a nitride semi-conductor is made into the condition that the layer was both exposed, in order to take out an electrode 
from p type layer and n type layer, since the laminating is carried out on an insulating substrate called sapphire. When 
separating the nitride semiconductor wafer of this condition in the shape of a chip and it cut from the nitride semi- 
conductor side of a direct etching side using said scribe, the dicer, etc., the crack etc. occurred in the cutting plane and 
there was a problem that a yield was not good. 
[0005] 

[Problem(s) to be Solved by the Invention] It is very important to obtain much luminescence chips from one wafer as much 
as possible, and to raise productivity, and it is indispensable requirements to obtain many chips, without moreover damaging 
the crystallinity of a nitride semi-conductor. Although the chip which consists of a nitride semi-conductor is not yet put in 
practical use, in order to put blue, a green light emitting diode, a laser diode, etc. in practical use using a near future nitride 
semi-conductor, the still more advanced chip-ized technique is searched for. Therefore, the place which this invention was 
made in view of such a situation, and is made into the purpose The nitride semiconductor wafer which uses sapphire as a 
substrate is faced dissociating in the shape of a chip. The crack of a cutting plane and generating of a chipping are 
prevented and a yield is good. A desired configuration, It is offering the manufacture approach of a nitride semiconductor 
chip of obtaining size, and offering the gallium nitride system compound semiconductor light emitting device which may be 
manufactured without spoiling the crystallinity of the nitride semi-conductor into which p type layer or n type layer was 
etched in order to prepare an electrode by this approach. 
[0006] 

[Means for Solving the Problem] The gallium nitride system compound semiconductor light emitting device concerning this 
invention The wafer equipped with the gallium nitride system compound semiconductor etched so that the laminating of n 
type layer and the p type layer might be carried out to order and the electrode forming face of n type layer might be 
exposed on silicon on sapphire In the gallium nitride system compound semiconductor light emitting device produced by 
forming and dividing a rate slot It divides, and has a slot forming face, and is characterized by the thing which was 
established as a field which is located below said electrode forming face and forms said rate slot and whose thickness of 
said silicon on sapphire is 200 micrometers or less. Moreover, as for said rate slot forming face, in the gallium nitride 
system compound semiconductor light emitting device concerning this invention, being formed of etching is desirable. 
Furthermore, as for the gallium nitride system compound semiconductor light emitting device concerning this invention, it is 
desirable to be produced by dividing said wafer using a scriber. Furthermore, as for the gallium nitride system compound 
semiconductor light emitting device smell concerning this invention, it is desirable that the thickness of said silicon on 
sapphire is 50 micrometers or more. Furthermore, the gallium nitride system compound semiconductor light emitting device 
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concerning this invention can be manufactured by the following manufacture approaches. Namely, the manufacture 
approach of the nitride semiconductor chip concerning the component of this invention It is the approach of separating the 
gallium nitride system compound semiconductor wafer equipped with the gallium nitride system compound semiconductor 
etched so that the electrode forming face of p type layer or n type layer might be exposed beforehand on silicon on 
sapphire in the shape of a chip. The process which newly etches into a gallium nitride system compound semiconductor side 
independently with etching of the electrode forming face of said gallium nitride system compound semiconductor, and forms 
the first rate slot in a line with a desired chip size. Next, while forming the second rate slot in a line further from said first 
rate slot above the depth which reaches silicon on sapphire Rather than the line breadth (W1) of the first rate slot, it is 
characterized by providing the process which adjusts narrowly the line breadth (W2) of the second rate slot, and the 
process which separates said wafer in the shape of a chip along said second rate slot. 

[0007] as the etching means at the time of forming the first rate slot in the manufacture approach which the component of 
this invention requires — wet etching and dry etching — any may be used, if it is wet etching, the mixed acid of a sulfuric 
acid and a phosphoric acid can be used, for example, and if it is dry etching on the other hand, technique, such as reactive 
ion etching (RIE), ion milling, focusing beam etching, and ECR etching, can be used, for example. The desirable dry more 
nearly dirty one cannot damage a nitride semiconducting crystal easily. However, before etching, it cannot be 
overemphasized that the mask of a predetermined configuration is formed so that it may become the chip size of a request 
on a nitride semi-conductor front face. 

[0008] Next, in order to form the second rate slot, technique, such as dicing, a scribe, and etching, can be used. The second 
rate slot is formed in the marks of the first [ from the first rate slot that is, ] rate slot. It is necessary to form this second 
rate slot above the depth which reaches silicon on sapphire, and to make it still narrower than the width of face of the first 
rate slot. Although especially the formation technique is not asked, a scribe is used especially preferably. Because, a scribe 
tends to make line breadth of the second rate slot narrower than the line breadth of the first rate slot, and can form a rate 
slot quickly compared with etching. Furthermore, since there is little area which shaves off silicon on sapphire at the time 
of wafer cutting and it ends compared with dicing, there is an advantage that many chips are obtained from a single wafer. 
[0009] Moreover, before forming the first rate slot, or before forming the second rate slot, it is desirable to grind silicon on 
sapphire and to make it thin. As for the thickness of the silicon on sapphire after polish, adjusting to 150 micrometers or 
less is still more preferably desirable 200 micrometers or less. Because, the thickness of the nitride semi-conductor with 
which the laminating of the thickness of silicon on sapphire was usually carried out 300-800 micrometers and on it is 
occupied many and with dozens of micrometers, and, as for the nitride semiconductor wafer, the most is occupied by the 
thickness of silicon on sapphire. And as described above, since the laminating of the nitride semi-conductor is carried out 
on the ingredient with which a lattice constant differs from coefficient of thermal expansion, it has the property which is 
very hard to cut. Therefore, silicon on sapphire can be broken almost perpendicularly by adjusting the thickness of silicon 
on sapphire to said range. When forming the second rate slot by the scribe especially, an almost perpendicular cutting plane 
can be obtained by 1 time of the scribe by grinding silicon on sapphire in said range. Although especially the lower limit of 
the thickness of a substrate does not ask, since the wafer itself will become easy to break during polish if it is made not 
much thin, as a practical value, 50 micrometers or more are desirable. 
[0010] 

[Function] An operation of the manufacture approach concerning the component of this invention is explained based on a 
drawing. Drawing 1 thru/or drawing 8 are the type section Figs, explaining one process of the manufacture approach of this 
invention, and especially drawing 7 and drawing 8 expand and show the condition of the wafer at the time of forming the 
second rate slot. 

[001 1] n type layer 2 to etch p type layer 3 beforehand and prepare [ are the type section Fig. of the wafer with which 
drawing 1 carried out the laminating of n mold nitride semi-conductor layer 2 (n type layer) and the p mold nitride semi- 
conductor layer 3 (p type layer) on silicon on sapphire 1, ] the negative electrode is exposed. 

[0012] Next, as shown in dra win g 2 , 1 1 is formed in a line by the width of face of the first rate slotWI by etching from on 
exposed n type layer 2. In addition, it cannot be overemphasized that the mask for forming the first rate slot in the front 
face of p type layer 3 and exposed n type layer 2 before etching is formed. A means to form this first rate slot 1 1 by 
etching has the operation which still more nearly physical stress is not applied to the p-n junction interface of a nitride 
semi-conductor, and the interface of sapphire and a nitride semi-conductor, and makes other scribes, dicing, etc. compared 
with a technique that it is hard to damage the crystal of a nitride semi-conductor. Furthe rmore, since the exposure of the 
location which forms the second rate slot 22 next will serve as only sapphire, and the edge of a blade which is means to 
form the second rate slot 22, such as a dicer and a scriber, does not touch a nitride semi-conductor at all, it is [ be / it / 
if / the first rate slot 1 1 is formed until it reaches silicon on sapphire 1 as shown in this drawing, ] the most desirable. 
[0013] Next, the second rate slot 22 is newly formed in a line by the width of face W2 narrower than the line breadth W1 of 
the first rate slot 1 1 from as shown in drawing 3 , after forming the first rate slot 1 1 . And the depth is carried out to more 
than the depth that reaches silicon on sapphire 1. (In drawing 3 , since the first rate slot 11 is formed until it reaches silicon 
on sapphire) in this case, it becomes more than the depth to which the depth of the second rate slot 22 reaches silicon on 
sapphire naturally. In this way by making line breadth W2 of the second rate slot 22 narrower than the line breadth W1 of 
the first rate slot 1 1 Since the edge of a blade which is the means forming of the second rate slot 22, such as a dicer and a 
scriber, does not touch n type layer 2 which should form the side face of a nitride semi-conductor, i.e., an electrode, 
crystallinity is not spoiled. Furthermore, since the depth of the second rate slot 22 is considered as above silicon on 
sapphire is reached, a substantial cutting part can serve as only silicon on sapphire, the configuration of the nitride semi- 
conductor made into the purpose can be controlled correctly, and it can separate into a chip. Moreover, since this drawing 
did not grind silicon on sapphire 1 but the second rate slot 22 was formed by the scribe, as shown in a broken line, 
possibility of sapphire becoming slanting and being divided is shown, but if half cutting of the second rate slot 22 is carried 
out by the dicer, and thickness of silicon on sapphire is set to 200 micrometers or less or full cutting is carried out, 
sapphire can be cut perpendicularly. 

[0014] Drawing 4 grinds the silicon-on-sapphire 1 side of the wafer shown in drawing 1 or drawing 2 , and shows the 
condition of having set the thickness to 200 micrometers or less. Thus, even if it forms the second rate slot 22 by the 
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scribe by grinding a substrate and making it thin, siiicon on sapphire 1 can be broken almost perpendicularly. However, as 
for the process which grinds silicon on sapphire, it is desirable to carry out, before forming the second [ before forming the 
first rate slot ] rate slot. It is because it is in the inclination for a substrate to tend to break during polish in the target 
location when it grinds after forming the second rate slot 22. 

[0015] Drawing 5 and drawing 6 are the type-section Figs, showing the structure of the wafer obtained at one process 
concerning other examples of this application, the condition that drawing 5 did not form the first rate slot 1 1 until it 
reached silicon on sapphire 1, but it stopped it even in the middle of 2 n layers is shown, and drawing 6 shows the condition 
newly formed the second rate slot 22 from the first rate slot 1 1 shown in drawing 5 above the depth which reaches silicon 
on sapphire 1. If the second rate slot 22 can be formed above the depth which reaches silicon on sapphire 1 as shown in 
drawing 6 , it is not necessary to etch until the first rate slot 11 reaches silicon on sapphire, as shown in drawing 5 . 
However, if the thickness of the nitride semi-conductor (in the case of this drawing n type layer 2) of the location which 
should form the second rate slot is thick after forming the first rate slot 1 1 Since the stress by the scriber and the dicer 
acts and n layers of interfaces of 2 become easy to separate with silicon on sapphire 1 in case the second rate slot is 
formed behind, the thing which should usually form the second rate slot 22 and for which n layers of thickness of 2 are 
adjusted to 5 micrometers or less is desirable. 

[0016] Drawing 7 and drawing 8 are the type section Figs, expanding and showing the structure of the wafer at the time of 
forming the second rate slot 22, it is shown that drawing 7 forms the second rate slot 22 using a scriber, and forming 
dravwngjB by the dicer is shown. After preparing a blemish in the front face of silicon on sapphire 1 by the second rate slot 
22 also in any, it turns out that a wafer is separable in accordance with the blemish, but since the direction which forms the 
second rate slot 22 with a scriber can narrow width of face W1 of the first rate slot 1 1 as shown in drawing 7 , it turns out 
that much chips are obtained. Moreover, by making width of face W2 of the second rate slot 22 narrower than W1, the side 
face of a nitride semi-conductor is not damaged with the edge of a blade of a scriber, the blade of a dicer, etc. In addition, 
although the first rate slot 1 1 shows the condition which left n type layer 2, i.e., the same condition as drawing 5 , the part 
enclosed with with a circle [ of a of drawing 8 ] Since this part shaved off in the second rate slot 22 is not n type layer 2 
which is etched and should prepare the negative electrode, even if a blemish goes into a side face a little, since it is a part 
which is not especially important as a chip, it does not affect the luminescence property of a chip. 
[0017] 

[Example] The wafer which carried out 1 -micrometer laminating of 6 micrometers and the p type layer 3 (p mold GaN in 
this case) for n type layer 2 (n mold GaN in this case) to order is prepared on the silicon on sapphire 1 of 400 micrometers 
in [example 1] thickness, and magnitude [ of 2 inches ] phi. However, the p mold GaN layer of this wafer is beforehand 
etched in a depth of 2 micrometers with a predetermined configuration, and n type layer 2 which should prepare an 
electrode as shown in drawing 9 is exposed in part. (Therefore, the thickness of n type layer 2 which it was etched and was 
exposed is set to 5 micrometers.) The top view which saw the wafer after etching from the nitride semi-conductor layer 
side is shown in drawing 9 . 

[0018] Next, on p type layer 3 of this wafer, and the etched n mold GaN layer 2, it etches into the n mold GaN layer 2 
further, and the first rate slot 11 is formed until silicon on sapphire is exposed using RIE, after covering the mask which 
consists of Si02 with a photolithography technique so that it may become a predetermined chip size. Let the first rate slot 
be 350-micrometer pitch with the line breadth (W1) of 40 micrometers. The line breadth of this first rate slot and a pitch 
are shown in drawing J) . 

[0019] After forming the first rate slot 1 1 as mentioned above, the silicon-on-sapphire 1 side of a wafer is ground by the 
burnisher, and a substrate is wrapped, and reaches and carries out polishing to the thickness of 100 micrometers. 
[0020] Next, adhesive tape is stuck, a wafer is stuck on the table of a scriber, and it fixes to the silicon-on-sapphire 1 side 
of the wafer which finished polishing by the vacuum chuck. A table is movable in the X-axis (right and left) and the direction 
of a Y-axis (before or after), and has pivotable structure. The scribe of Chuo Line of the first above-mentioned rate slot is 
carried out once to X shaft orientations by the diamond stylus of a scriber after immobilization with 350-micrometer pitch, 
a depth of 5 micrometers, and the line breadth (W2) of 5 micrometers. 90 degrees is rotated and the scribe of the table is 
shortly carried out like Y shaft orientations. Thus, a scribe line is put in so that it may become the chip of 350-micrometer 
angle, and the second rate slot is formed. 

[0021] Much chips of 350-micrometer angle were obtained from the wafer of 2 inch phi by releasing a vacuum chuck after a 
scribe, removing a wafer from a table, and pressing down with a roller lightly from a silicon-on-sapphire side. When the chip 
could be cut almost perpendicularly from the second end slot, and a crack did not occur in a cutting plane but the nitride 
semi-conductor took out further what has not separated from silicon on sapphire, the yield was 99% or more. 
[0022] In the process which forms the first rate slot of the [example 2] example 1, when it divided similarly setting the 
etching depth to 4 micrometers, and also separating into a chip similarly etc. into the chip of 350-micrometer angle (that is, 
thickness of n type layer 2 of the part which forms the second rate slot 22 next was set to 1 micrometer), similarly the 
yield was 99% or more. 

[0023] [Example 3] Like an example 1, the first rate slot is formed until it reaches silicon on sapphire in the first rate slot. 
However, let line breadth (W1) be 100 micrometers and 500-micrometer pitch. 

[0024] Next, the silicon-on-sapphire 1 side of a wafer was ground by the burnisher, and the substrate was wrapped, and 
reached and carried out polishing to the thickness of 200 micrometers. Dicing time amount can be shortened by grinding a 
substrate at the process which forms the second next rate slot. 

[0025] The wafer which finished polishing is fixed on the table of a dicer, and when the dicing of Chuo Line of the first rate 
slot is carried out and it carries out half cutting as well as X shaft orientations using a blade with a blade beam of 80 
micrometers with 500-micrometer pitch, a depth of 50 micrometers, and the line breadth (W2) of 80 micrometers, the 
second rate slot is formed. Thus, a cutting plane can be made almost perpendicular by putting in the second rate slot 
deeply by the dicer, and making thin thickness of the silicon on sapphire of a cutting part. 

[0026] Much chips of 500-micrometer angle were obtained from the wafer of 2 inch phi by removing a wafer from a table 
after half cutting, and pressing down with a roller lightly from a silicon-on-sapphire side. The yield of this chip was 99% or 
more similarly. 
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[0027] * • ■ 

[Effect of the Invention] As explained above, according to the approach of this invention, by technique, such as a scribe and 
a dicer, the nitride semiconductor wafer which does not have cleavage can also be correctly cut with a sufficient yield, and 
its productivity improves. And since the nitride semi-conductor which should form an electrode is not damaged at all, when 
the chip separated by the approach of this invention is used as a light emitting device, the yield of a component improves 
by leaps and bounds. 



[Translation done.] 
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LThis document has been translated by computer. So the translation may not reflect the original precisely. 
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3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The type section Fig. explaining one process of the manufacture approach of this invention. 
[Drawing 2] The type section Fig. explaining one process of the manufacture approach of this invention. 
[Drawjn&_3] The type section Fig. explaining one process of the manufacture approach of this invention. 
[Drawing 4] The type section Fig. explaining one process of the manufacture approach of this invention. 
[Drawing 5] The type section Fig. explaining one process of the manufacture approach of this invention. 
[DrawjngjS} The type section Fig. explaining one process of the manufacture approach of this invention. 
[Drawing 7] The expansion type section Fig. explaining one process of the manufacture approach of this invention. 
[Drawing 8] The expansion type section Fig. explaining one process of the manufacture approach of this invention. 
[ Dra wing 9] The top view explaining one process of the manufacture approach of this invention. 
[Description of Notations] 

1 .... Silicon on sapphire 

2 .... n type layer 

3 .... p type layer 

1 1 ... First rate slot 
22 ... Second rate slot 



[Translation done.] 
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:£H& t I* 7 "9- 7 T -f T^ B B a 05l±K±^# Wit** L T 



A^^b^^ai^^x-zMi, mZLtz£?\zV7 7 4 
T(D±lc^b**y ^A&<b^!&i*3i<*£«lf LfcL^t* 
&^nxe$*vA';M#;iiT?fc£fctfK te^-SS^S 

i: ir J: y M<b# 'J •> A3Hb^4$!l¥?H**<+>-:7 T -r T«« 

[0 0 0 4] ^fc|iilBO t fc5lc^b!|a¥ji<*14-y-7 7'f 
7<kl^$&li1t»t5OT±lc«Jf ^ftTl^Ctfr^ p 

mmt nMB^ymfii^^y m-rcn*. itnb^i*9 

[0005] 

[*BjWBfcL«fc 5 £■*-*»«] -a©^x-/\*NC,-e 
»n=*<<D^v^*#*ctl*«3IKfr-C**. S<b 
f-f*-— h\ U— tf — 4T-f 3|-— KS?*Hffl<b-r Sfctolc 

Mro^tt. ■9-i'X*i#i)M'(b!fei**<*5 i 7 7'cDMit^ 
^SttL. C(©^i=«fey«g$iSi-f€.fc«)lcpSJS. 
fc ^> i » I* n B H*< x y > $f $ ttfc^b^^roSS S 

[0 0 0 6] 

jiRt;p^^A<iiiic«B3?tLT. naia>ianAiA( 
sai-r ^ ct a i=x -y ^ > ^ $ *itzm\t a y •> AUt&i 
¥*{**ti^fc^x-/\*. my^^^jSLT^sii-r-5) 

c t icj; y f^s^^Slb*' y 7 A»ib««i^*tt:j|% 

st^icfci^-c. itrevssAs J: y Tic&e bfriea y 

jf^^^-T^Si: LrtSl+b^fcfiiyif^fiES^^L. 

^OHiJlB-y-^T-f 7iffi©f $ A<2 0 OtfmElTt-W 



(3) 
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\z. ^fiBjic^^^b^'J^AS^b^**^^^ 

<tA<*?*Ltv Stole. **HI=ft<&a{b#y'7A£{t 

B*U&j£S*<RfcU-r-5 J: -5 icx-y^v-y^ftf-S'fbtf y 
■7 A $<b&tt¥*ft «• "9- 7 7 4 T l=« *. tzm.it J5 
' J -7 A & ft £ & ¥ « * ■> x - / \ ^ J- v -J ft I z # it "T -S 73 

«ysi<o±^6, s&icm-©fny3S^-9-77-f tss 

jta^® (wD in. »— ©tiyj(ia)ii« (W2) 
*»<Mt4iat. frES-ro^yaf^oTMiB 

[0 0 0 7] #JS81<&ifc^<D&&8j&73S!sl::*5l*-C, m 
-CD»|y,«^ff$)5E-r-5^(Dx-y^>-7*^g«t LT^x-v 

hi-yf>y, K^-f x>y : ? 1 >'7''tN^*^i$fflL^Tt J: 

7iv hx-y^>^t?fe*tlS. 0|*.l2ttlt£ 'J>l£ 
G> £ ffil^ -5 C -7j K^-f lyf^tft 

«;U*KJ6te-f;*->X'y*i/$f (R IE) > -ft 

§ia>3M££ffli^-5>c,!:7t><-c££>o »* l<i*k^-<x-v 

X«b^-5.<fc7lc, FJrSrofl2#<D^;^£fl2J£-f &-<bl* 

[0008] jw=. m^a>fijyjs$^-r-5i=i±. 94 

ym-cDHjyjtcDSMc^fig-r^,,, ca>§r^<Dtuy;ii*-y- 
7 7 •< T«ffii=^-r -sss Ju±-cff$)5E-r %»£>wti<ib y . 
$f,icm-a)iijy^cDim;y tSE<-ri>^A<fc^.o » 

5. *-«>iiya«>ii«j:y t&< L-^-r<. x 
•v^^^i^tb^-cffl^i^fiiyjg^^fiE-c^-So $ 
y-fS/if^izit^r. ^x-zx^jKBtic^^T-rrsffi 

£»]y®J-5S»*<'>fc < T*t?a>T?. JH--7X— 
£ < <T> v -J *< m & *i £> <t I * -5 SflJ £ fe -5 = 

[0009] m-cDfijy^^ft^-r^^ fc&i> 



l*^^©t!l.yj«$^i5E-r-i)Ml=. t77-f7lffi5»l 

©J¥£l*2 0 OjUmliLT. $e.l:jif*b<li1 5 0//m 
KTFKiHg-f -SCbtfMg: LlV Sft^« 

tt^x-zM*. -y-7r-<TS«(D)l$A<Ji^:3 oo~8 

<<!: mfcy. *CDI5^<!:A<+>-:7 7-rT»;|£a> 

fc£tfi&g$§*rojtfc&*m(7>-bir 

y si< -r a £ pa + i - -7 x — / \ g ft tfgijji ^ < & ^ tz 

Sb. mmmtimt LTI*5 0J[imW±A<^^^LL^ < , 
[0 0 10] 

01 ^^UH8li^B^cD^3g7J;£(D-X 

a*ttwr««scBfffiH"e*y. »i=b 7^*1/0 si* 
m x o si y js £ jgj* -r -5 rss <n ^ x - / \ cd « m ^ l t 

[001 1 ] mi li-y-^T-fT-atsi co±icn^^b^i 

IS) <b£«^Lf='7x-/N(D«s®f®g|-efcy, pSi 

[0012] g)2ic*-r<t ; 5i-s Stti$+lfcn^ 

M2(D±A^t,x->^>-7*i=«fcym— roaui 1 1 $wi 
t. mm* txtzn mm zo&wiz. m-omvm&tem 
rom-ofijysi 1 ^v^vxi&tfLtttmt. m 

©^77-f7", •$<•-< gft^#t 

m&-<Wfc&ZMtb\z< < % ^f.ir^iSM'&EDTJA^b^i 

i-5i=m-a»tiiyjsi 1 $*77-f/iffii icii-r'S^ 

T-ff^-T-Si:. ?>Jl=m-CDSI y S 2 2*©j3£-ri)i4BcD 

gai@*<-y-7T-f 7<nHtn.z>iz#>. m-cosi]ym2 2 

[0 0 13] 2fclr|H3l:^-f m-CDii|y,«1 1 

$^i$Lfc±*^. mtzizn-tomvmz 2^, m-o 
ft yj» i i ©iMfwi «fc y t^^nw2 
*. L*^t. ^ros^ii-y-^r-fTS^i ics-r-ssg* 
jii±i-r-5o (03T-i*m-a)iiiy^i i ^-y- 7 r-fT 



4\ 
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•I 



HL±tU&o ) CCDcfc-5l-, %-0>m VM22 <D&<I%\N 
tttfoth^ nil2 leftist -5C tA^*L>CDT*!gS14 

te^fiRfttf-y-^T-rTftffico^tfcy . sw.t-r-SM 

-f. m-(7)I9y«2 2 &X<7 ZtVterfLLtztzllblz. 

tt^^LTt^*<. y-r^-r-m-<Dfijy, : «2 2£/\— 

7 7J-V h LT-y-7 T--T TaffiroJl$$2 OO^mKiTf- 
[00 14] i4li. 0 1 *fcliH2l=jF^-'t»x— /\<D 

■y-^T-fTaffiUPJ^weLr. -£-cdj»3f£2 o o u™ 

-C^<"f £>::<*: I- J: y, X.<7 = ?4?-Q%-<J>mvm2 2 

zmz^? ztmi-£Li\ ^■f«ft,m-<D9iy^2 2 

[00 1 5] B 5, i3<kl/B6li*S(©te<DllJ£0iJlc« 

fey. B5i*m-cDfjy5«i 1 ^-y-^T^TStsi i^a 

U B6l*B5lc^-rg— (Dfjyigl i©JiA>e>. $rfc 

icm-rot!iy*2 2j-y-77-f7»iii i=**-4S8*jsi 
©sijyjf 2 2^-y-^ 7-f7SH icai-r^3g$iu±T-^ 

m\tt£^o LA^Lm-wtuysi 1 ^MLfct. m- 
rofijyst^^^-r-s^^teacD^b^^t*: (c<db<d 

Mt^i:^^7-f/K $r-f -9— iz&Zfejjtfftm 

L. ^77-f 7**51 t n B 2 (DI?SA<?l]*<tt-^-r < 

•sfcto. ii^ii-E-com^rotijysf 2 2$ff^-r^>'<#n 

m 2 <r>W £ £ 5 u m JUT 1-iSSf & C £ A<i?£ t, 
[0016] 17, *Jj:l/B8li»-(7>il|yJt2 2^fl$ 
4 P£<D -7 x — / \tf> $jl $ ffi* L, T ^"T «iCfi 5 B T* 
fey. B7liS-roHJy^2 2jX77-fA-Jffl^T 



asicmxwn y ,=t 2 2c:j:y<g£is:H-fc&. -ecomic 

;2oT^x-/\£#MT-£5c£*<Jbfr6*<. B7I-* 

-r j: 5 icx -7 x-m-cDSij y 58 2 2 ^w&t h-n 
*<. s-oioy^i 1 ro*awi $^<-r-sci:7ii<-e#'5) 

-0>fi]y;l2 2<7)illW2 £W1 cfc y tSK LTL^-SCt 
M<b^¥«tt:a>ffi)®£ mtbZ Z ttfttl^. &&B 8 CO a 

(DAT-HA/fis^i*, m-rofdy^i 1 A<n§9Ji2£?£ 
*+trmBffi$^it-5>'<# n^H2T?i*^tt^a>^. 

[0 0 1 7] 

^^^77^7*81 <D±|ClHIZnM)i2 (CCDif^- 
n^GaN) ^ 6 # m t . pli3 (CCOli^ p^G a 
N) 1 ^/majlLfc^x-yN^ffiS-r-So <SL, C 
©9I-/\(DplG a N|l^ ; ?*ififrSa)^tt'e 2 u m<D 

'<#nSB2^-gpB^^i$1^■rL^i) l> (tjot, x-v^ 

>'7*$ixTStiiLfcnSll2«7)(l$li5j[/m < «:^-5. ) 
SB^B9IC^-r<, 

[oo i 8] cro^i-yMnpiisjjitfi-; 

^•^•7*$^lf=n^G a NJ12(D±|C, SrSffif 7 7"t-f 
Xl;/«C-5J:5l--7* h'J Wy-J-i— ft^lc^y S i O 
2<fey^i>^X^^AMtfc«, R! EffflU-777^7 
affiA^aj-T^f-C, $?.lCnlGaNli2|:i'>f> 

y*fft». m-G>s?y3ii i ^Wi-th. 'm-omvm 

ftf^m (WD 4 0(/m1?3 5 O/Zmbf-V^t-r-So C 

[oo 1 9] m±(D&o\zLT. m-omvffii 1 %B 

fiELfcS. 91- /\tf)f7 7-f T»4£1 fJj^WSHl-J: 
y^SLT. Sffi^l O 0 firntomZlZ^y fcf>-7\ 33 

[0 0 2 0] #1-, tK'J -V v^-T'^^^./z^X— y\CD+»- 
^T-fT-SSlffiyiC. feff- rf^SA^L, 7>77-fA 

— cd^t— ^;u±i-Ox— y\$?iy^it. H^^w^r* 

X^^-Y/N'-CDy-f-V^E^ Ktfe. b5£E0)S- 
(DtliyjSCD**^^ X|473(a]|:3 5 0 (Irnt'^, 
5//rru ^"H (W2) 5 ^ mt?— SX-? ^-T ^"f -So f 
-^;U$9 0°- [HllE^I+T^JSliYfATJlSjI-l^tSl-Lr 
X^5-f^-5o Z0)J:7l:Lr3 5Oym^ffl?77" 



» 
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[002 1] ^7^m agft'^SSftl, ^ 

s< a _^--e#£ fizz. ticcfcy. >^0cd^x 
3 5 o /i miof 7?5^fco ?yyitm 

-< r * mtftcx i i \t <d y f£ l t c * . 

[0022] [*is^j2] sus^n om-owwrnzte 

jJ-r^XSfZfclxr. X^>^S$£ 4 /imitate 

y?S2 2£ff2J&^£SB#<7>nii!Jf 2<7>il£ £1 //met L 
fc) teliPacit 3 5 O Vmft<D^yZf\ZftMLt-t 

[0023] mmm3i m-omvmznmmi 

WfiJ&iT&o <1L»« (W1) 1*1 O O^rru 500//m 

[0 0 2 4] *|C^X— /\(D*7T>f7*ffiHH*»fB 
gl:«fcy»SLt, Sffi^2 0 0^mOJl$|Z^^t o > 

[0 0 2 5] tK'J vS/^SHitfc^x— /\$y-f*- 

Sffli^r. »-a>«iy5ia>+*iitxi**aicisn:< 5 

00//mt7f, 3£$50/im. MM (W 2 ) 80//m 

T?^i/>^Lt/\-7*^ h-rsctic<fcymx<Dsa 
ys**»riws. d(D*3i=«-©«y»**-f*— -e 

[0026] /\-7*7h^ ^X— Z?)\,frZ> 

MLAy. *77-f7«ttI4^8< n-5»-C»* A 

-SCtlCcfey. 2-{>f(/i^I-A)!)NP,500/imfl 



[HI ] 




[0 0 2 7] 

X*5-f^ if-f-9— «0)¥ttl=J:y« £S£<IE 
[BaaWtttKR] 

[H2] **w<D«jft*a<D-xa*ttwr*«scBf 

®0 O 

[■3 ] **«a>«jt*ao>-xa t»wr sastK 

[04] **8H©«36*a©-xa*RW-r««3SBr 

[gi 5 ] *mw<DgimJ5&o-Jim&mtt zm&m 
[0 6] *«i«<D«»*a<D-xa*«E-r*«aR 

®0o 

[07] *«w©iia*aa)-ia«R9!t«!t*« 
[0 8] **w(D«3t*ao)-xa*»wr*tt*« 

5£fT®0o 

[0 9 ] **w<DBjft*aa)-xa*ttwr 

0o 

1 ■ ■ • ■ -y-^r-f 

2 ■ • • • n MJH 
3 ■ ■ • • pll 

%— a>nyjR 
2 2 • • • fltxa>ayjK 



[02] 




ttM2 o 



[03] [04] 




{4 0 ft m) 



